EC 3210 Solutions

(©John P. Powers, All rights reserved. 1992, 1998.

Assignment 5

4.1. Given a coefficient B;; of 1019 m3-W—1.s73 for a 650 nm transition in a material with n = 1,
a. Calculate Aj; and the spontaneous lifetime of the transition.

b. Calculate the ratio of A;; to the stimulated transition rate if the irradiance is 10 mW/mm?
concentrated at the transition wavelength and g(1) = 107'°.

a. The desired quantities are

8rnh 87m(1)%6.63 x 10~34 1
Ay = ———By: = 1019) — 6. 10° ¢! 1
= Bu ( (650 % 10°°77 >(0 ) =6.06 x 10° s (1)
and
1 1
y=—=———— =1649x 1070 5. 2
T T A, T 6.06 % 10° s @

b. We note that I = 10 x 1072 W-mm™~? is equal to 10 x 10> W-m~2, and, so,
Aij Aij o AijC
- I6(v — T B..
Bijpy By <n (v VO)) g(V) BZjnI(VO)g(VO)

_ (6.06 x 105)(3.0 % 108) B
T (1 x 1019)(1)(1 x 10%)(1 x 10—10) 18.17.

4.2 The loss coefficient of a material is 1% per mm.
a. Calculate the fraction of the power transmitted through a 5 cm thickness of the material.

b. Find the value of the loss coefficient «.

a. We find
0.01

_ _ 1
ai_0.00l 10 m (4)

Loy _ _ -
Lo el = (106107 _ 607 = 60.7%. (5)

I;

b. We have already found this value. From above, o = 10 m~!.

4.3 A material exhibits a gain of 1% per meter when pumped at a certain power level.
a. Calculate the gain coefficient (.
b. Find the length of material required to double the power in a wave.

a. We find that, for 1 meter,

_aL (0.01)(1) 1
fr G =g =001m™" (6)
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b. To double the power requires

G=e"P*=2, (7a)
SO
In2 =3z (7b)
and
In2 In2

4.4 A ruby laser operates at 694 nm from an upper level to the ground state.

a. Calculate the temperature that is required to place 50% of the total number of atoms in the upper
state (leaving 50% in the ground state).

b. Calculate the temperature that is required to place 10% of the total number of atoms in the upper
state (leaving 90% in the ground state).

c. Calculate the fraction of the total population that are in the upper state when T is 300K.

See Fig. 1 for the population levels.

Fnergy

Population

Figure 1: Energy levels and populations for Problem 4.4

a. The temperature required to place 50% of the total atoms in the upper state (leaving 50% in

the lower state) is found from
Ny AFE
— = —— =1 8
N O ( kT) ’ (8a)
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SO
AFE
T = 0 (8b)
and
T — 0. (8¢)

It would take an infinite temperature to get 50% of the atoms into the upper level if the material
were in thermal equilibrium.

b. To place 10% in the upper level would require

N AE\ 01 (98)
No CP\T%T )T 09 &
SO
AE 1
_EE n(2) = 222
o = (9) 0 (9b)
and
___AE " 949 %109 K. (9¢)

T k(=220)  Mk(2-20)

c. The fraction of the total population that is in the upper stage when T = 300 K is

N, Ny 1
= = , 10a
Niotat  No+ N1 n No (10a)
Ny
where
No 1 AE he
N _ 2 ki e 10b
I o (7 ) = (57 (100)
Ny
(6.63 x 10734)(3.0 x 10%) 20
- =1.161 x 10
xp ((694 % 10-9)(1.38 x 10—23)(300) .
and, so,
N 1 1
! —=8.61x 1073, (10c)

Neowl  1+38 T+ 1161 x 109

Hence, we find that the upper level is really empty at thermal equilibrium at room temperature.

4.5 Calculate the population inversion required per unit volume to give a small-signal gain coefficient
of 0.5 m~! in a COq laser. Assume that A;; is 200 s, g(vo) ~ 1/Av =1x10""s, and n = 1.

First we note that

(N; — N;)Bijnhvog(v,)
c¢Vol ’

p= (11)
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SO

N]VOINZ - BijnAfg(yo) ' (12)
We also note that
34.. -3
By = i = a0~ 149X 10 &
and, so,
Nj—Ni (10.6 x 1079)(0.5) 10
Vol (1.43 x 1019)(1)(6.64 x 10—34)(1 x 1079)

= 5.59 x 10'7 molecules- m™3.



